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1.1 3 angary 

In the aeln text a study i» ande of the effect of varticel tine dependent 
end de»"d loads on the horizontal response of single degree of freedan fraaes. In 
eopendixes I ®ad II « plnaed-cnd oolustn is alaulstcd by n single <t«m reo of free- 
dom «odcl and n study la "scie of the effect of initial crookedness end tnitip.1 
displacement on the •aa v .tsum digplecenent and tire required to deflect. 

In solving for the response of the single degree of free dot frarso, using the 
acceleration numerical method, the horizontal ©ocel oration of the floor r.ses is 
tekan as the difference between the horizontal Iced end t 1 e horizontal resistance 
divide 3 by the ^#ns of the syatea. for siw^lifiestion the system is taken with 
the aecc coacentro.ted mt the floor level ond th® Norirontsl external fores teken 
to ect s.t the floor level. 7o determine the respanee it in then necflp«*ry to 
know the borir.oot 1 resistance when vertical loads sr# included. 

‘dditloa of the vertical loads will change the structure horir^ntel r©3ist- 
rnoe because of both *n increase ia the column sonants due to tb® eccentricity of 
th® vertical lo*ds end by thm axif*! lord on tl« colu n section causing inelastic 
ection to begin with less section eos^rst. “.a m existing approx 3 ■»> - t-e method for 
allowing for th® vertical load the effect of the cddltlon l eoment is *4 lowed 
for, but not the effect of t'-» axial lor-d on th* section inelretic ection. Fur- 
ther, the vertical lo*ds, whether live or lord load, will cease a cfcoRge in the 
natural frequency ia tbs elastic range. *te *e*s *e dependent only on th® dead 
load; but the effective spring constant 1 dvpaadv r -t on t>«* total vertical load, 
including live load. 

The fora of tie horizontal resistt.noo i- •. <yrn for: 



1. Th# case where « o r th« structure rcsigt'u.ce, r, vs. y, j s z >ro 
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2. ’Ts.e >„.*so rhar© or of the structure resiatpnce, If va. y, la wt 2 ®ro. 

3. Tbs c»se where a of tne colusn ouctios acuaetit-carTrtur® relation io 
praetor tb.©a *©ro. 

For cese (1' above It is possible to determine th» cnllcp a deflection (tb» 
^flection at which eny increase in the d©sd loud with only de*.d losd act ix.it will 
o^usa the structure to continue to deflect to failure) and the horlaontei resist- 
ance. *nd for csso (S' it is ©csv to determine if the structure ? e col.l* pe# 
deflection us defined store, and If so its 7 »lue. 1# slao e- »y to determine 
the foes of the resist aco for this cose. Put for case (3) i v relation is shown 
not to bn so simple. For esse (3) to « criteria "mat be established for a rela- 
tion between vertical load end oc to determine When tie structure will hove ** ool- 
Ikosc deflection. 4 ml tlon is found in that if <x , for on se (3), no fail- 
ure deflection exists. If no collapse deflection, r« iefi-’ed, edicts so"? other 
failure crit#rle r.ust bo ©established. 

Prof. >V. S ’ew's?rk, "Jnivorsity of Illinois, in s developed on eneroxi-ovtc 
©•luivalent uoifera resist* sea method for dctenaicla^ tfce locd-tS* e rol'tlcm which 
will produce a "sexiru - : deflection »:,uai %'■• so-* p redetemired vela© whan oc of the 
structure res ists;r>co is rot soro, but kg eocetunt, if fan yield cad •xisaat de- 
flect ions , ftas.n put in the proper ter©s, are used in til' expression it era be 
U3-3 to ootaput" th* r^pocs© i nelnll n? the effect of the vertical lord. cor- 
pariaon of the r*"KuIts of tbi* ©pproxivste relation has been mad© with , w>r© <?sf*et 
values found for the war i-u"; deflection ©our.l to the collrpso dsfl -cliOD. 
statistic 1 correct 1 <a factor for use wit is the rp?ro£i~*te 9r'iiv«l©nt uni Tors 
resistance la rcecrw ©ndwd for the r ©nije of tj/? 0 between ~.l »nd 1.0. 

**hpn time dependent loads arc rp r lied to © struct »re the sis? ?e of t*o pulse 
will influence th* response. In tf * rrnro of t^/T© Ices then f.l t v n vartic-l 
ti*6 dependent loud >•©» little effect on tl/* 'rori z r '•tel reaper"©. r or of 

equ«l ©mount of impulse t © i .itinl peek pulse will Troduc® e -m'tcr amount of 
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response lut-.. the step pulse. ?or lc values of t^/T 0 tie terminal j»?k rs spoaao 
approaches tbet of the initial peak and It rarer values of tj/? 0 ths tarsi ".al 
peak response eppronchee that cf the step pules. .* canvrel treed, independent of 
t h e aroint of vortical load, or t be found for tie response of t> « icr-til nrl 2 'id 
ioititl peaks in ter»s of the response Jbr the atap pulse, 'or t: a iiitifl peek 
pulse it is poasribl r to find an equivalent Bta-» pulse for the «a&« of y «y 

If fp. sxlal load step pulse, equal to or greater than the critical bueklics 
load, is applied to n picrved-end column which tea inltiel e rooked ness the seouat 
of ti.« initial crookedness will influence the response. The srortcr the initial 
crookedness the greater will be the ««xlr.us deflection e n) the lae* tins required 
to retch ©axicun; deflection. This is investigated in f ppsadi x T. 

~n appendix II an 1 . vsetigrtion Is vdo of the effect of the znyA fade of an 
initial diaplsaawtat fiver, to cn initially atraifht colava when a & tap pulse, 
equal or greater la «ngaitude then the critical bucklina 10*4, is applied* . fceae 
pleas dittfraers, plots cf tir.e to reach aexLra's dafleetlec va. initial dicplcce- 
Esnt and oagaitude of aaxieu*. deflection vs. initial dtepltcenect a re used to 



show the effect of the laitiel disple c^ort on the response o*' th« cnlurn. 

1 . S ■Tosaaclature 
*3 foripontr-l force ner column. 

*J e static fcorimnt*! force, par cclvnr. , that produces /i*’ di'tr ith r.o verM c* 1 
. of; <5 cctia*. 

tf Todueed horizontal force, per aolu-m, that produces yielding whan v*»rt 1 0 1 1 
lend is included. 

t, ft q tstic i.crl 20 n tel force, ner column, fit yield of t - c equivalent a-> Lie; — 
resistance. 

Spring force, er eolurw, up t» yield, m vertical ki. 

&2 ’pring force, per column, nfier yield, no vertical lo*d. 
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M 0 ?'ossent «t top of pinnei-end colusn, tad t top end botto, nf fixod-b^ae 
column. 

Section mosent t yield! n, no axial load. 

P_ lastic Halt exial load, per column. 

P 7ert!o?l or axial load acting, per column. 

P " * P e • 1 T C r 

Fgp Critical buckling load, er column, 

tj Duration of load pulse. 

T Hrtorel period with vertical load. 

T 0 Haturel period without vertical load, 
u y/L/2, appendixes I cod IT. 

u du/dt , appendixes I end II. 

u d u/dt , appendixes T end II. 

u o yo/*» appendixes I end II (initial crookedness), 
y Laterel displacement. 

y Q Differential displacement between top end bottom, of franse columns end 
initial center deflection for pi naed-end model of eopendixes T nd XT. 

y 0 Yield deflection, no vertical load. 

y^j. Yield deflection, with vertical load. 

y ffi Meximum deflection. 

y t Collapse deflootion; that deflection at wtloh the vertical land will cause 
the structure to continue to deflect without horixontal load. 

y.q d ion of stpp r ok $ ^,1 i, tw uni j sttinoo* 

Ht* Velocity of top of column at time of yielding. 

^1*1 of °T coiur-n at end of load pulse. 

The ratio between the elope efter yielding to the sloas before yielding of 
o t structure! resistance, H vs. y, and ' vs. $ curves when the curves hove 

constant slope before end efter yielding. 

rf P •‘Y? cr : 'f is the fraction of thnt the twrtlewl load !.s equ J, to. 

r/yft The fraction of P er that the de^d load is equol to. 

The freetion of C1 » thet the ti e depen<5*»nt vertical load is equ' 1 to. 



5 . 

'’'total m 7 % T'f 

or, ?he fraction of P cr tfcet the • var***?® of the tire dependent vertical lo»d ie 
L equal to. 

a ection rot >tiOR. 

9 0 faction rotation et yield, no sxi»l lord. 

Yield ctreeo, uni-nxlnl state of stress* 

The averege horizontal time dependent load. 

<a Natural frequency, so vertical lo»4. 

u>^ Natural frequency, with vertical load. 

.p. The designation of t is the case rs T except that It refer® to instead 
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r . mm cor t «st ft*? vt*ld g 

8.1 Cbject of action 

In this aeotion the relation of horizoatt 1 long, vortical load sad dlsplcca- 
ra«nt Is studied to show the interest Ion between these for the case where «*of the 
structural resistance Is zero. This is does for both filed *od pinned-b^a© 
single story frames. The girder ucurent of inertia ia teken to be very It rge in 
comparison to the raosent of inartic of the columns. The axial load will increpso 
the end moetects by na H*ount equ»l to Py 0 . This incroaac in noment must be al- 
lowed far, es well as the reduction ia magnitude of tt Q ot yielding due to the 
eil si lead. Throughout this report valucn will be worked cut in terss of in- 
dividual column lords and properties. 

2. 2 Vo tor! el " a«aent r alrtlon 

"'he column cstorl*l ia taken to be an ideel plastic one (stress-strain 
curve shown figure 1). 3 the column section cn E type section is .‘issaned sed 

the bending exis is ttkon perpendicular to the wob. For this type section and 
Ideal plastic arterial the M re. # relation for the section will be of tha type 
shown in figure 2 as '•’/ e vs. S/6 e . This curve can bo ideal izod to two straight 
lines cs nleo shown figure 2. ith the value of V e chosen, the curve cm be con- 
verted to dimensionless fora*. If any sllovrcce is to be sede for the effect of 
increase in yield point because of spoed of loedicf, or strain rate, it would be 
reflected Jn vnlue of <f c , thus producing s ch‘ age in the actual - vs. 6 relation, 
tny allowance for non-perfect section would be *.ede in choice of ;: Q . practical 
choice of 1# to teke St es tie ewv&ent ■afcea inelastic action Just penetrrtea 
through the fisngea. The structure horizontal resistance, no vertical load, for 
this idealized va. 5/6 e curve is shown in figure 3. 

2.3 Pg-?i3tf- pea of '-inned-heae *rene 

*or the pinned-fcos© fr^me, shown figure 4, and for the elastic condition the 
asoaent, «t nny section will be: 
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